INTRODUCTION 29
The mammary gland undergoes dynamic morphological changes over the lifetime of female mammals. 30
At birth, bovine mammary parenchyma consists of a rudimentary duct network connected to a small 31 cisternal cavity. At the onset of puberty, the mammary rudiment develops and starts to expand into 32 the stroma upon stimulation by the ovarian steroid hormones, including estradiol and progesterone, 33
and by growth factors (Yart et al., 2014) . Ductal elongation occurs through the growth, development, 34 and subsequent extension of terminal ductal lobular units (TDLU) in a process referred to as branching 35 morphogenesis. In contrast to the long, infrequently branched ducts and terminal end buds found in 36 the mammary gland of virgin mice, the mammary parenchyma of bovines develops into a compact, 37 highly arborescent, parenchymal mass surrounded by a dense matrix of connective tissue (Akers, 38 2017) . Bovine mammary TDLUs initially consist of solid cords of epithelial cells that penetrate into the 39 stroma. As these cords extend into the mammary fat pad, lateral outgrowths emerge. This 40 parenchymal development continues through puberty, until the mammary fat pad becomes filled. In 41 addition, during gestation, the tissue continues its differentiation with the formation of lobulo-alveolar 42 structures and the maturation of TDLUs in response to circulating hormones, notably prolactin. At the 43 end of its development, the mammary epithelium has the appearance of an elaborate tree of ducts 44 and alveoli. After parturition, the alveolar epithelium starts to be fully functional, with mammary 45 epithelial cells secreting milk proteins into the lumen of the alveoli for lactation (McBryan and Howlin, 46
2017). 47
The ability of the mammary gland to undergo many cycles of lactation, with their stages of tissue 48 proliferation and involution, suggests that the epithelial compartment contains resident cells capable 49 of generating the entire epithelial architecture. Evidence for the existence of mammary stem cells 50 (MaSCs) has been primarily derived from transplantation studies with murine mammary tissues. These 51 studies revealed that the ductal architecture could be regenerated in vivo when isolated parenchymal 52 explants were transplanted into cleared mammary fat pads (Deome et al., 1959; Ormerod and 53 Rudland, 1986; Smith and Medina, 1988) . More recent assays showed that an entire and functional 54 mammary gland can be reconstituted from the transplantation of the progeny of a single "stem-like" 55 cell (Shackleton et al., 2006; Stingl et al., 2006) . Since these pioneering demonstrations, many studies 56 in murine and human species have focused on identifying and isolating MaSC populations in order to 57 establish the hierarchical cell organization and the molecular players in the regulation of the 58 epithelium (Visvader and Stingl, 2014; Dontu and Ince, 2015) . The epithelial hierarchy can be described 59 as a pyramidal setup of the epithelial cell populations with stem cells at the apex and differentiated 60 mature cells at the base of the pyramid. Between these two cell populations are the multiple 61 progenitors that originate from the division and activation of stem cells and that progressively 62 3 differentiate into mature cell lineages. Of note, the mammary structures are described as being 63 
RESULTS

94
Discrimination between cell sub-populations within the mammary epithelium of pubertal cows 95 using the cell surface markers CD49f, CD24 and CD10. 96
As puberty is a key period of mammary gland development, during which the different epithelial 97 lineages, basal/myoepithelial and luminal cells, are committed to the process of branching 98 morphogenesis and are identifiable, we used mammary gland samples from pubertal cows for our 99 study. 100
In agreement with this, tissue staining with hematoxylin and eosin showed numerous neo-formed 101 ductal and alveolar structures constituting an epithelium that largely formed the mammary 102 parenchyma (Fig. S1 ). To identify the cell sub-populations of the epithelial lineages acting in the 103 building of this parenchyma in the most exhaustive way possible, we focused our analysis on three cell 104 surface markers that are well known to be specific for mammary epithelial cells: CD49f, CD24 and CD10. 105
To validate our approach, we first analyzed the in situ localization of the cells expressing these markers 106 by immunofluorescence. As shown in Figure 1 , cells of the ductal trees at the origin of future TDLUs 107 were clearly stained by anti-CD49f antibodies (Fig.1, left panels) . The outer cells of these epithelial 108 structures formed a monolayer and were strongly stained at their basal side, whereas the inner cells 109 were weakly stained. In contrast, cells expressing CD24 were scarce and scattered throughout the 110 tissue slice (Fig.1, middle panels) . Indeed, some cells were clearly found within the stromal tissue while 111 others were localized in or near the lumen of the ducts, or close to the outer cell layer. As for CD10, 112 which has been described as a cell surface marker of basal cells, it was clearly expressed by cells 113 surrounding the developing duct structures (Fig.1, right panels) . In this case, stained cells were 114 exclusively localized to the outer epithelium layer, or sometimes appeared in small clusters (see the 115 little structure at the top right of the image (Fig.1, right panels) . These immuno-histological results 116 having confirmed the relevance of using these markers, we decided to evaluate the proportion of each 117 cell sub-population of the mammary tissue expressing them by flow cytometry. 118
As shown in the cytometric profile of CD49f expression (Fig.2, upper the sum of which accounted for 41% (± 7.7%) of total mammary cells. Following cell sorting, we found 147 that KRT14 was only present in the CD10 pos cells (Fig.3A , right graph and Fig.3B ). In addition, αSMA was 148 almost 6-fold more abundant in the CD10 pos population than in the CD10 neg population (27.8% ± 11% 149 vs 5.4% ± 0.5%). Interestingly, the luminal KRT19, KRT18 and KRT7 were expressed in both the CD10 neg 150 and CD10 pos cell sub-populations with no significant difference, except for KRT7, which was expressed 151 at 6-fold higher level in the CD10 pos cells than in the CD10 neg cells (6.85% ± 2.6% vs. 0,96% ± 0.2%). The 152 keratins seemed differentially expressed in luminal cells and may be most likely expressed according 153 to their differentiation status. In summary, our data confirm that CD10 expression is characteristic of 154 basal cells, making it a pertinent marker to discriminate the basal lineage from the luminal lineage. 155
156
Determination of the cell sub-populations involved in mammary gland development at puberty6 To further delineate the different cell sub-populations involved in the development of the mammary 158 gland in pubertal cows, we analyzed all combinations of cell co-staining with CD49f, CD24 and CD10 by 159 flow cytometry. Co-staining for CD49f and CD24 revealed four distinct positive cell sub-populations in 160 addition to the double-negative population (Fig.4, upper Table 1 ). Finally, co-staining for CD10 and CD24 (Fig.4 , bottom plot) revealed 173 heterogeneous sub-populations (Table 1) . Altogether, these data highlighted the multiple cell sub-174 populations present within the mammary tissue during pubertal development. 175
176
Characterization of the cell sub-populations composing the mammary epithelial hierarchy 177
As mammary stem cells and progenitors were reported to belong to a subset of CD49f pos CD24 pos cells, 178 we decided to further depict the CD49f and CD24 sub-populations by further investigating their 179 phenotype. These sub-populations were analyzed for both CD10 expression and aldehyde 180 dehydrogenase 1 (ALDH1) activity by flow cytometry ( neg cells expressed vimentin prompted us to propose that this sub-250 population is probably progenitor cells. This is also supported by the observation that these cells 251 expressed high levels of PROCR. Indeed, although PROCR was originally studied as a stem cell marker 252 in hematopoiesis, this protein was also found to be relatively abundant in the basal cells of murine 253 mammary epithelium (Wang et al., 2015) . In this latter study, PROCR was suggested to be a marker of9 mammary stem cells, a possibility that was previously envisioned in a model of human breast cancers, 255 in which the receptor was one of the molecular markers for stem/progenitor-like populations (Shipitsin 256 et al., 2007) . Taking a middle-ground position, we can claim that the CD49f high CD24
neg cell sub-257 population accounts for the basal progenitor cells. 258
Immunofluorescence analysis showed that cells localized to the inner epithelium layer expressed low 259 levels of CD49f. Also, our cytometric profiles showed two mammary epithelial cell sub-populations that 260 expressed low levels of CD49f. This is in agreement with the aforementioned study in bovines (Rauner 261 and Barash, 2016) and with studies in mouse, in which the luminal population was reported as being 262 neg sub-population expressed PR and PRLR plus ALDH1 activity strongly suggests 298 that these cells are "mature progenitors" differentiated to promote side branching and/or 299 alveogenesis. 300
As discussed above, the second luminal sub-population we found, namely the CD49f pos sub-population we highlighted in the 337 present work is the MaSC fraction. However, after in-depth analysis of the cytometry data, although 338 these cells were homogeneous for CD10 expression, only 70% (corresponding to 3.8% of total epithelial 339 cells) exhibited ALDH1 activity, whereas 30% (1.7% of total epithelial cells) had no ALDH1 activity. This 340 suggests that the MaSC fraction contains two sub-populations, supporting the notion that stem cells 341 are heterogeneous. This notion has recently been raised in an elegant study of the murine MaSCs 342 (Scheele et al., 2017) in which the dynamics of branching morphogenesis were monitored by 343 highlighting the behaviour of the different lineage-committed MaSCs using a "confetti" cell strategy. It 344 emerged that MaSCs may be heterogeneous. Indeed, it was concluded that a pool of MaSCs is engaged 345 in the development of the tissue whereas another stays quiescent. From this, we can hypothesize that 346 the MaSC sub-populations exhibiting ALDH1 activity represent the lineage-restricted "activated" MaSC 347 whereas the second sub-population probably contains the quiescent cells. If this is the case, the 348 expression of KRT7 and ELF5 could also be attributed to the "activated" pool of MaSCs, which, with 349 this commitment feature, could be at the origin of the bipotent cell population. The epithelial cell hierarchy in the mammary gland at puberty 359 Based on our original results and according to the current literature, we conceived a mammary 360 epithelial cell hierarchy scheme (Fig. 6) sections were then subjected to heat-induced epitope retrieval in 1mM ethylenediaminetetraacetic 479 acid (EDTA, E9884, Sigma-Aldrich), pH8, using a microwave at 800 watts for 2x5 min. Sections from 480 both frozen and paraffin-embedded tissue were then permeabilized with 0.25% Triton X-100 (T9284, 481
Sigma-Aldrich). Nonspecific-antibody binding was blocked with 2% bovine serum albumin (A2153, 482
Sigma-Aldrich) in TBS. Tissue slices were then sequentially incubated with primary and secondary 483 antibodies (table S1) at 37°C for 1h30 and 45 min, respectively. After washing, nuclei were 484 counterstained with Hoechst 33342 (14533, VWR) at 1 µg/mL for 2 min. Slides were mounted using 485
Vectashield mounting medium (H-1000; Vector Laboratories, Burlingame, CA). Images were obtained 486 with an E400 Nikon microscope (Nikon France, Le Pallet, France) using the NIS-Elements BR4.20.00 487 software (Nikon). 488
489
Statistical analysis 490
Data were expressed as means ± SEM. PCR results were subjected to an analysis of variance (ANOVA) 491 using R Studio software. Different letters in Table 2 
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